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(57) ABSTRACT

The present ivention provides for a self-correcting state
circuit. A first flip flop 1s configured to receive a clock 1input
and a first data mnput, and to generate a first output 1n response
to the clock input and the first data input. A second flip tlop 1s
coupled to the first tlip flop and configured to recerve the clock
input and to recerve the first output as a second data input, and
to generate a second output 1n response to the clock input and
the first output. A {first correction circuit 1s coupled to the
second tlip flop and configured to generate a corrected output.
A third flip flop 1s coupled to the first correction circuit and
configured to receive the clock input and to recerve the cor-
rected output as a third data mnput, and to generate a third
output 1n response to the clock mput and the third data input.

11 Claims, 6 Drawing Sheets
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HIGH FREQUENCY DIVIDER STATE
CORRECTION CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of, and claims the benefit of
the filing date of, U.S. patent application Ser. No. 10/850,400
entitled HIGH FREQUENCY DIVIDER STATE CORREC-
TION CIRCUIT, now U.S. Pat. No. 7,119,587, filed May 20,
2004. This application relates to U.S. patent application Ser.
No. 10/850,402 entitled HIGH FREQUENCY DIVIDER
STATE CORRECTION CIRCUIT WITH DATA PATH
CORRECTION, now U.S, Pat. No. 7,061,284, filed May 20,
2004.

TECHNICAL FIELD

The present invention relates generally to error correction
and, more particularly, to error correction 1n a state machine
circuit.

BACKGROUND

There 1s a type of incrementer called a high frequency
divider. In a high frequency divider, the values within the
incrementer change 1n a predefined fashion, but not necessar-
i1ly by a mathematical addition or subtraction. For example,
000000 could be the first state, 000001 could be the second
state, 000011 could be the third, 000111 could be the fourth,
001111 could be the fifth, 011111 could be the sixth, 111111
could be the seventh, 011111 could be the e1ghth state, and so
on. The values could represent the generation of a square
wave, although other uses are also possible. The particular
transition from state value to state value 1s a function of the
internal logic of the high frequency divider.

However, there 1s a problem with typical high frequency
dividers. One such problem 1s if the system starts up in an
invalid state. In the example above, for instance, the state
010101 1s not a desired state, but 1s physically accessible at
start up. This can happen when a system {irst powers up, as the
states of the latches within the system can be indeterminate.
Alternatively, a catastrophic event, such as an electromag-
netic pulse, for example, can disrupt the latches or other
system components. If this happens, the high frequency
divider can be forced 1nto an undesired state.

Moreover, 11 left uncorrected 1n conventional systems, the
states could cycle from one undesired state to another undes-
ired state, without ever becoming a desired state and getting
back on track. In some conventional systems, the system can
be reset, and a preloaded “seed” state can be entered mto the
system. However, this 1s an expensive proposition, time-wise,
and errors can creep 1n 1f the mitial “seed” state 1s somehow
inaccurate. Further, if an electromagnetic pulse changes the
state within the circuit to an mvalid state or sequence, this
invalid state or sequence should be deleted, which costs addi-
tional time and circuitry area, and a system reset 1s 1ssued,
which also costs additional time.

Theretore, there 1s a need to ensure that a desired state 1s
arrtved at after a certain number of state transitions 1n a
manner that addresses at least some of the problems associ-
ated with the prior art.

SUMMARY OF THE INVENTION

The present invention provides for a self-correcting state
circuit. A first tlip tlop 1s configured to receive a clock mput
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and a first data mnput, and to generate a first output 1n response
to the clock input and the first data input. A second flip tlop 1s
coupled to the first tlip flop and configured to recerve the clock
input and to receive the first output as a second data input, and
to generate a second output 1n response to the clock input and
the first output. A {first correction circuit 1s coupled to the
second tlip flop and configured to generate a corrected output.
A third flip flop 1s coupled to the first correction circuit and
configured to recerve the clock input and to recerve the cor-
rected output as a third data input, and to generate a third
output 1n response to the clock input and the third data input.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereol, reference 1s now made to the
following Detailed Description taken 1n conjunction with the
accompanying drawings, 1n which:

FIG. 1A schematically depicts an allowed and an unal-
lowed divide by 8 statetlow;

FIG. 1B schematically depicts an allowed and an unal-
lowed divide by 6 statetlow;

FIG. 2 1llustrates a divide by 8 stateflow correction circuit
with state correction;

FIG. 3 illustrates a conventional D flip flop;

FIG. 4 1llustrates a D flip flop configured for error correc-
tion;

FIG. § 1illustrates an alternative embodiment of a divider
circuit; and

FIG. 6 illustrates various timing diagrams of external and
internal state values of the flip flops of FIG. 2.

DETAILED DESCRIPTION

In the following discussion, numerous specific details are
set forth to provide a thorough understanding of the present
invention. However, those skilled 1n the art will appreciate
that the present invention may be practiced without such
specific details. In other instances, well-known elements have
been illustrated 1n schematic or block diagram form 1n order
not to obscure the present invention in unnecessary detail.
Additionally, for the most part, details concerning network
communications, electromagnetic signaling techniques, and
the like, have been omitted inasmuch as such details are not
considered necessary to obtain a complete understanding of
the present invention, and are considered to be within the
understanding of persons of ordinary skill 1n the relevant art.

In the remainder of this description, a processing unit (PU)
may be a sole processor of computations 1n a device. In such
a situation, the PU 1s typically referred to as an MPU (main
processing unit). The processing unit may also be one of
many processing units that share the computational load
according to some methodology or algorithm developed for a
given computational device. For the remainder of this
description, all references to processors shall use the term
MPU whether the MPU 1s the sole computational element 1n
the device or whether the MPU 1is sharing the computational
element with other MPUs, unless otherwise indicated.

It 1s further noted that, unless indicated otherwise, all func-
tions described herein may be performed 1n either hardware
or software, or some combination thereof. In a preferred
embodiment, however, the functions are performed by a pro-
cessor, such as a computer or an electronic data processor, 1n
accordance with code, such as computer program code, sofit-
ware, and/or integrated circuits that are coded to perform such
functions, unless indicated otherwise.
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Turning to FIG. 1A, disclosed 1s a statetlow diagram 1llus-
trating an exemplary statetflow with designated allowed or
“desired” and unallowed or “undesired” states. Generally,
FIG. 1A illustrates a plurality of pre-determined desired
states following an ordered sequence according to a pre-
determined transition rule and a plurality of pre-determined
undesired states following an ordered sequence according to
the pre-determined transition rule.

In FIG. 1A, an unallowed stateflow transitions into an
allowed statetlow after one of a plurality of specifically
defined states or a set of states occurs. That 1s, one or more of
the undesired states are selected and correlated to one or more
of the desired states. Generally, as shown in FIG. 1A, a
specifically defined non-allowed state 1s detected, such as
00110011 or 00110000, and an internal change of a value
occurs within the high frequency divider circuit, thereby 1ni-
tiating a state change into a particular desired state, such as
00000001 or 10000000. In a conventional system, the
detected non-allowed state would transition to, for example,
00011001 or 10011000.

For example, assume the undesired state “01100111” arose
at power up, using conventional technology. By the internal
logic of the circuitry (a shift right, or bitwise right circular
shift, and then invert the value shifted from the rightmost bat
and wrapped around the to the leftmost bit), “01100111”
would transition to “00110011”°, which 1s another unallowed
state. Similarly, “00110011” would transition to 00011001,
also another unallowed state, and so forth. The present inven-
tion, as 1llustrated through the transition diagram of FIG. 1A,
addresses this problem.

Turning now to FIG. 1B, disclosed 1s a stateflow diagram
illustrating a “divide by 6” statetlow with designated allowed
or “desired” and unallowed or “undesired” states. An undes-
ired state transitions 1nto an allowed state from a specifically
defined undesired state. Generally, as shown 1 FIG. 1B, the
particular specifically defined undesired state 1s “0011007,
from which a circuit transitions to the allowed state
“100000”. In conventional technology, the circuit would tran-
sition from “001100 to “100110”, which 1s another undes-
ired state.

Turning now to FIG. 2, illustrated 1s a divide by 8 state
circuit 200. A D type tlip flop (DFF) 1 215 has a clock signal
input into 1ts C mput from a clock source 235. The Q output
of DFF1 215 (gl signal state) 1s coupled to the D mnput (the
data mput) of a DFF2 220. The Q output of DFF2 220 (g2
signal state) 1s coupled to the D mput of a DFF3 225. The @
output of DFF3 225 (g3 signal state) 1s coupled to the D 1mnput
of a DFF4 230. The Q-1nverted output (QB) of DFF4 230 (g4
signal state) 1s fed back into and coupled to the D input of

DFF1 215.

The Q states of DFF1 215, DFF2 220, DFF3 225, and
DFF4 230 are coupled to alogical operator 1 210. The logical
operator 1 210 1s coupled to a gate of the DFF2 220. In other
implementations, only flip flops 215, 220, and 2235 are used.
In the illustrated embodiment, logical operator 1 210 1is
coupled to DFF2 220 through Gate Memory 205. As shown,
Gate Memory 205 1s configured to introduce a time delay,
which helps prevent problems with substantially simulta-
neous feedback, which could cause the logic states not to
converge, an error condition. The illustrated configuration
supports the state transition from the undesired states to
desired states of FIG. 1A.

Turning now to FIG. 3, depicted 1s a system 1llustrating
conventional D-type flip flops, such as DFF1 215, DDF3 225,
and DFF4 230 of FI1G. 2, for example, generally indicated by
the reference numeral 300. Flip flops have applicability as
memory devices. In the illustrated system, there are two
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inputs for the tlip tlop, mput 1 (D, for data input) and input 2
(C, fora clock input). The tlip flops DFF1 215, DFF3 225, and
DFF4 230 shown 1n FIG. 2 are depicted 1n greater detail 1n
FIG. 3, and are comprised of 2 different latches, 310 and 320.
Flip flop DFF2 220 will be described in greater detail below
with respect to FIG. 4.

As 1s understood by those of skill 1n the art, 11 a tlip flop 1s
enabled by a clock signal, the tlip flop will pass on the signal
data state from the 1put to the output on the data, or Q line.
However, 11 the tlip tlop 1s disabled by a clock signal, the input
D value will not be propagated to the output, and 1nstead the
previously stored D value will be output.

As 1illustrated 1n FIG. 3, there are two D-type latches
coupled 1n series, latch 310 and latch 320. If the input value
for D 1s 1, and the clock value 1s enabled, the gqint value 1s also
the same as the D value, and the qintb value 1s the inverted
value of qint. However, due to a logical “not” operator 330,
the second D latch 320 1s disabled. This means that, no matter
what the gint value 1s 1n this circuit, the previous qint value 1s
what 1s output as the Q value (as output 3). In other words,
when the clock 1s “high”, the output of system 300 does not
change, as it “remembers™ and outputs the previous state.

However, for example, 1n the next clock pulse, the input
clock pulse goes “low”. Therefore, the 1input data does not
propagate from the Data mput to the QQ or qint output 1n this
tlip flop, and the gint value of the previous clock cycle is
retained by this first D latch 310. However, because the input
clock value 1s inverted to “high™, the second flip flop propa-
gated the qint value 1nto the output Q, the “3” value. Hence,
for the DFF1 215 to change an output state, 1t takes at least one
tull clock cycle, and 1t only accepts as mput data states from
alternating clock cycles.

Turming back to FIG. 2, this means that, for instance, the
values 00000011 can be used 1n the system. On the next clock
cycle, the value becomes 00000001. As has been explained
above, there 1s an internal state (qintl, qint2, qint3) etc, which
1s 1llustrated as non-underlined, and a state ql, g2, g3 and so
on, which 1s 1illustrated as underlined. The state changes
because the inversion that occurs at the output of DFF4 230,
which 1s fed back 1n as data into the D port of the DFF1 215.
As 1s seen by the desired states transition 1llustrated in FIG.
1A, the states are stepped through the system, the last flip-flop
inverting and transferring the inverted value back to the input.

However, 11 an undesired state comes up, the system 200
operates as follows. For example, consider a scenario wherein
a conventional system starts as 01100111 as its starting state.
A conventional system would then transition to 00110011,
also an invalid state. Without correction the conventional
system would further transition to 00011001

However, the logic of FIG. 2 1s configured to transition to O
0000001, an allowed state, instead of 00011001, an non-

allowed state. As shown 1n FIG. 2, the second bit of the state
00xxxxxX, 15 used to overwrite the next 3 bits in the state, to
become 00000xxx. Similarly, an mvalid state of 00110000
transitions to 10000000 instead of 10011000. In other words,
the first output state (ql ) also becomes g2 internal and g2 out
and g3 internal, as illustrated 1n FIG. 1A.

System 200 detects 1nvalid states as follows. The outputs
ql, g2 (inverted) and g3 are iput into logical operator 1 210.
In the 1llustrated embodiment, logical operator 1 210 1s an OR
gate. When xxxxxxxx (“x”” a variable), have the values of x0x
1x0xx, the OR gate 210 output becomes negative, the output

invalidb state goes low, and there 1s enabled a transition from
an unallowed state to an allowed state. Turning briefly to FIG.
1A, this transition happens at both 00110011 and 00110000,
as 1s shown 1n FIG. 1A, and only in those states does the
transition to a desired state happen.
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Turning now to FIG. 4, depicted 1s a system 1illustrated a
D-type flip flop such as, for example, DFF2 220 of FIG. 2,
generally indicated by reference numeral 400. In particular,
system 400 includes latches 410, 420 of a DFF2 220, the tlip
tflop 1n which state transitions occur when the logical operator

1 210 detects a specified error state condition. The logical
operator NOT (the mverter) 330 shown 1n FIG. 3 1s replaced
by an XOR (exclusive OR) 430 1n FIG. 4. System 400 also
receives an mput 3 “gate’” mput to XOR 430. An XOR, as 1s
understood by those of skill in the art, gives a true value if both
values are different, and a false value (value of zero) 1f both
input values are the same In the context of FIG. 2, this means
that the OR output 1s 0 for a specific predefined non-allowed
state, and 1 for an allowed state or a non-specified non-
allowed state. Then, this becomes the “gate” value 3 nto
system 400, the DFF2 220 flip flop. As shown 1n FI1G. 4, when
the gate value output by the OR gate 210 1s “1”, and the C
value 1put 1s a “1”, the output value of XOR 430 1s a “0”,
which means that system 400 1s behaving like a prior art flip
flop, and the XOR 1s behaving as an inverter. Sitmilarly, if the
gate value 1s “1” and the C value 1mput 1s a “0”, the output
value 1s a “1”, which means the XOR 430 1s behaving as an
iverter to the C value.

In FI1G. 4, when the gate value 1s “0””, and the C value input
1s a “17, the XOR 430 output value 1s a *“1”, which means that
system 400 1s not behaving like a prior art flip tlop, and the
same value for D 1s being propagated through both D1 latch 1
410 and D Latch 2 420. Similarly, 11 the gate value 1s “0” and
the C value mput 1s a “0”, the XOR 430 output value 1s a <07,

which 1s sent as a C input to D Latch 2 420, and the previous
states are stored 1n D latch 1 410 and D latch 2 420.

In other words, when the output of OR 210, the gate input
to XOR 430, 1s zero, the D latch 1 410 and the D latch 2 420
both have the same clock values within DFF2 220. In the
context of FIG. 2, this means that when mput 3 of FIG. 4 1s
“07, for a negative clock pulse, the qint value still does not
change. However, unlike the prior art, the Q output value does
not change either. Therefore, the qint and the g value are both
“locked,” which 1s unlike FIG. 3, and the Q output value does

not change.

Furthermore, 1f the mput clock pulse 1s positive and the
gate mput 1s zero, the input D value propagates through both
D latches 410, 420, through qint2 and then out through Q.
Also, because the clock state 1s positive as input into DFF3
225, the qint of the third thip flop g31nt 1s also equal to g2. In
other words, the D value becomes Q, which was not true in the
prior art.

In other words, for a gate value of 0, and a positive clock
cycle, the ql value gets propagated to the qint2 value and the
g2 output value, and the g3int value. In the context of FIG.
1A, this means that instead of 00110000 becoming the unal-
lowed state o1 10011000, 1t becomes 10000000, thereby forc-
ing the system from an undesired state to a desired state.
[ikewise, the state after 00110011, which would have been O
0011001, 1s mstead 00000001, as the ql value gets propa-

gated and copied through to g3int.

Turning now to FIG. 3, 1llustrated 1s an alternative embodi-
ment of a divider circuit, generally indicated by the reference
numeral 500. A D type tlip tflop (DFF) 1510 has a clock signal
input into its C mput. The Q output of DFF1 510 (ql signal
state) 1s coupled to the D input (the data input) of a DFF2 520.
The Q mverted output of DFF2 520 (g2b signal state) is
coupled to a circuit 550. The output of the circuit 350 is
coupled to the D mput of a DFF3 530. The Q output of DFF3
530 (g3 signal state) 1s coupled to the D input of a DFF4 540.

The outputs ql, g2, g3 and g4 can be selected by selectors
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6

512, 522, 532, 542, thereby configuring the circuit 500 as a
divide by 2, 4, 6 or 8 correction circuit.

A divider correction circuit 350 1s coupled between the QO
inverted output of DFF2 520 (g2b) and the data input nto
DFF3 530. As 1illustrated, divider correction circuit 550 1s
shown as a particular arrangement of p-type metal oxide
semiconductor (PMOS) and n-type metal oxide semiconduc-
tor (NMOS) devices coupled between a supply voltage, Vdd
and ground. As 1s understood by those of skill 1n the art, the
voltage produced by a CMOS circuit 1s a function of a supply
voltage, and which transistors of the CMOS circuit are turned
on and off. Correction circuit 550 1s one embodiment of logic
implementing the truth table of Table 1 below. One skilled 1n
the art will understand that the particular arrangement of
PMOS/NMOS devices 1s exemplary and not intended to be
limiting to only that arrangement.

TABL

L1

1

Truth Table for Correction Circuit 550.

D3new

Qlb Q2b Q3b

B S G R S R

[ e e T o T e s T e
— D = D = D = O
D O = DD e

Table: CMOS Logic

In the above truth table, q1b (inverted output of DFF1 510),
q2b (1nverted output of DFF2 520), and g3b (inverted output
of DFF3 530) are employed. As shown 1n FIG. 5, the circuit
550 1s coupled between the inverted output of g2b and the data
input mto DFF3 3530, designated as the D3new value. Circuit
5350 operates substantially as follows.

As shown 1n FIG. 5, the qlb value, the g2b value, and the
q3b value are inputs 1into divider correction circuit 550. If qlb
1s a zero, D3new equals the inverse o1 q2b (1.e., D3new equals
q2). Where qlb 1s a zero, the state of q3 or g3b 1s not a factor
in determining D3new.

However, 11 ql1b equals a one, and 11 g2b equals a zero, and
if g3b equals zero, then D3new 1s set to equal one. If qlb
equals a one, and either g2b or g3b also equal a one, D3new
1s set to equal zero. Hence, error correction arises.

Furthermore, there 1s no state among the desired states that
would create a “skip” to an undesired state. For instance, 11 ql
and g3 equal zero of a desired state, this would be x0xxx0xx
By definition of the truth table of FIG. 5, this would then
become x0x0x0xx. In other words, 11 q1 and g3 are zero, then
g2 1s automatically zero. Thus, there 1s no state that creates a
problem.

Turming now to FIG. 6, illustrated are simulated waveform
diagram of the operation of the diagram. As 1s 1llustrated,
even 1f a ql to g4 wavelorm starts out in an 1ncorrect state, 1t
transitions mto a correct sequence of 1s and Os after a few
clock transitions.

It 1s understood that the present invention can take many
forms and embodiments. Accordingly, several variations may
be made 1n the foregoing without departing from the spirit or
the scope of the mvention. The capabilities outlined herein
allow for the possibility of a variety of programming models.
This disclosure should not be read as preferring any particular
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programming model, but 1s instead directed to the underlying,
mechanisms on which these programming models can be
built.

Having thus described the present invention by reference to
certain of 1ts preferred embodiments, i1t 1s noted that the
embodiments disclosed are 1llustrative rather than limiting 1n
nature and that a wide range of variations, modifications,
changes, and substitutions are contemplated 1n the foregoing
disclosure and, in some instances, some features of the
present mnvention may be employed without a corresponding,
use of the other features. Many such variations and modifi-
cations may be considered desirable by those skilled 1n the art
based upon a review of the foregoing description of preferred
embodiments. Accordingly, i1t 1s appropriate that the
appended claims be construed broadly and 1n a manner con-
sistent with the scope of the invention.

The mvention claimed 1s:

1. A self-correcting state circuit, comprising:

a first tlip tlop configured to recerve a clock input and a first
data mput, and to generate a {irst output 1n response to

the clock mput and the first data input;
a second flip flop coupled to the first tlip tlop and config-

ured to recerve the clock mput and to receive the first

output as a second data mput, and to generate a second
output in response to the clock mput and the second data

input;
a {irst correction circuit coupled to the second tlip flop and
configured to generate a corrected output; and
a third tlip flop coupled to the first correction circuit and
configured to recerve the clock mput and to receive the
corrected output as a third data input, and to generate a
third output in response to the clock mput and the third
data mnput wherein the first correction circuit 1s further
configured to generate the corrected output based on the
inverse of the first output, the mverse of the second
output, and the inverse of the third output.
2. The circuit of claim 1, wherein each of the first flip tlop,
the second flip flop, and the third tlip tlop 1s a D-type tlip tlop.
3. The circuit of claim 1, further comprising a fourth flip
flop coupled to the third tlip tlop and configured to recerve the

10

15

20

25

30

35

8

clock input and to recetve the third output as a fourth data
input, and to generate a fourth output 1n response to the clock
input and the third output.

4. The circuit of claim 1, further comprising a first select
signal.

5. The circuit of claim 4, wherein the first select signal 1s the
inverse of the first output.

6. The circuit of claim 4, wherein the first select signal 1s
further configured as the first data input.

7. The circuit of claim 1, wherein the first correction circuit
comprises a plurality of CMOS devices.

8. The circuit of claim 7, wherein the first correction circuit
COmMprises:

a first PMOS coupled to a supply voltage and configured to

operate 1n response to the mverse of the second output;

a second PMOS coupled to the first PMOS and configured
to operate 1n response to the mverse of the first output;

a third PMOS coupled to the first PMOS and configured to
operate 1n response to the mverse of the third output;

a first NMOS coupled to the second PMOS and to ground
and configured to operate 1n response to the mverse of
the second output;

a second NMOS coupled to the third PMOS and configured
to operate 1n response to the inverse of the first output;
and

a third NMOS coupled to the second NMOS and to ground
and configured to operate 1n response to the mverse of
the third output.

9. The circuit of claim 1, wherein each of the first output,
the second output, and the third output 1s represented as a
single bit.

10. The circuit of claim 1, wherein the first correction
circuit 1s further configured to advance from a current state
output to a future state output in accordance with a pre-
determined rule.

11. The circuit of claim 10, wherein the pre-determined
rule 1s a bitwise right circular shift operation and wherein a
rightmost bit 1s mverted as 1t 1s transierred into a leftmost
position as a result of the right circular shitt operation.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

